Dust sampling has played a very important part in the drive against dust in British mines. It is becoming widely realized, however, that the present sampling procedures and instruments are far from satisfactory. Opinions tend to vary on what changes should be made, and the following survey of the problem attempts to reconcile some of the points of difference.
The scene of operations is the coal face, a long tunnel through which a stream of air is drawn; dust is produced locally by a variety of actions ranging from mechanical coal cutting to the impact of boots on the floor, and the problem is to measure the dust hazard to the men working in the tunnel.
It seems useful at the outset to distinguish two main sampling functions, research and routine control. In the research category falls the general task of tracking down the dust, of finding which pits are dusty, where suppression is needed, etc. Routine control is concerned with keeping watch on the dust levels, and giving warning of any dangerous changes. At the moment the main emphasis is on research, but routine control will soon become predominant.
There seems little doubt that for routine dust control a scheme on the lines of the quality control systems of the manufacturing industries represents the only really satisfactory solution. It The use of automatic samplers brings up another point on which opinions differ, depending on which of two views on the probable relation of quantity of dust to disease is taken. One view is that the total amount of dust collected in the lungs is the important factor determining the severity of disease, and on this basis the average concentration over the whole of the period throughout which the men are exposed is the appropriate measure of the hazard. The other, slightly more complex, is that the higher concentrations are disproportionately important; that short exposure to high concentrations is more harmful than long exposure to low ones. The influence of this second theory makes itself felt in regulations which require that sampling should be confined to periods when the dustiness is at a maximum. Adherence to a rule of this kind would certainly hinder the production of an automatic instrument. It would also make it difficult to obtain uniformity of sampling practice and comparability of results, since conditions vary from one pit to another and " period of maximum dustiness " does not always have the same meaning. The requirement is in any case unnecessary. Suppose the second or " overwhelming concentration " theory about the disease is accepted, then the index of dustiness used must reflect the frequency of occurrence, the duration, and the magnitude of those concentrations whose magnitude exceeds some critical value. It must also be a statistical index: a mere record of particulars of individual dust " peaks " over periods of time long enough to be of any consequence, would be hopelessly indigestible. Any such index must be a function of the parameters of the distribution of dustiness over the period. In practice, a convenient and sufficiently accurate way of summarizing the relevant properties of the distribution would be to quote its first two moments; in other words, its mean and standard deviation. But, as it happens, these distributions are of the type in which the standard deviation is predominantly a function of the mean itself, and the standard deviation increases with the mean. So the mean concentration is a valid index of the hazard under the second hypothesis as well as the first. (For a further exploration of this point, see Oldham, 1953 .) It would be a relatively simple matter to fix a " permissible level " of the mean concentration which would ensure that the critical concentration (at which the dust was assumed to become harmful) would not be exceeded more than a given small proportion (say 5 % or 1%) of the time.
Quite apart from the question of its theoretical validity the use of the mean concentration would greatly ease the development of a successful automatic instrument, for obvious reasons. A number of subsidiary tasks in the maintenance of dust control would also be simplified. Indeed there is every indication that the adoption of a more complex criterion would prove a costly strategic mistake.
There remains the spatial problem: where the instrument should be placed, and whether it should be stationary or mobile. It has often been said that the ideal would be to sample the air which each collier breathes, but it seems that this is unlikely to be achieved within a reasonable space of time and that we must therefore be content with sampling a more general body of air, relying on the high correlation which must exist between the dustiness of the environment and the dustiness of the air which the collier actually breathes. A good correlation between the "approximate " and the " exact " measurements is quite sufficient for control purposes, and even if exact measurements could be obtained it is unlikely that they would be worth the trouble involved-each collier would have to breathe through a sampling instrument resembling a gas-mask.
The basic element in the spatial problem is the choice between " fixed-point " and " roving " sampling, that is, between keeping the instrument at one position on the face, and moving it up and down the face. The roving principle at first sight seems an obvious one to adopt, but from the control sampling standpoint it possesses serious disadvantages.
The axiomatic requirement of control sampling is that the men working in the worst conditions on the face should be protected (the conditions being assessed over a reasonable period of time, since we are not interested in short-term fluctuations). Only the information necessary for achieving this need be collected. The type of roving sample which has been used so far is one in which ,short-period samples are taken at various points along the face during the working shift, the underlying assumptions being that the location of the maximum dust concentration changes from time to time and that by moving the instrument up and down the face one can ensure that the worst conditions are evaluated. But it seems likely that the first assumption is true only if the measurements are confined to short intervals of time: the location of the maximum concentration may fluctuate from minute to minute or even hour to hour, but when measured over reasonable periods of time it is in general quite stable; and, as argued above, it is the long-term measurements which matter. Even if this reasoning is rejected, the information we now possess invalidates the assumption that the face can be adequately covered with one or two instruments; the samples are too small and the variability of the dust concentrations too high.
The current type of roving sample begins to have value only when used to obtain an estimate of the average concentration on the face, and it is the right type for this purpose. (" Average " in this context refers of course to the distribution in space, not in time.) But for control sampling purposes, since we are interested not in the average but in the maximum, most of the information provided by the roving sample is irrelevant.
It has been suggested that the " random collier " method described by Oldham and Roach (1952) could be used for control sampling. In this method the sampling instrument is associated with a collier chosen at random (more than one instrument may be used, the number of colliers being correspondingly increased). In control sampling, the collier would retain his instrument for a specified period, when a fresh random allocation would be made, and this redeployment of instruments would be repeated at regular intervals. It will be seen that the scheme is essentially of the roving sample type, and is open to precisely the same charges of irrelevancy and inadequacy. For control sampling purposes it does not suffice to show that " random " or " average " conditions on the face conform to the standards.
The fixed point system is clearly the one to use, if we can predict where the worst dust conditions will occur (the conditions being assessed over reasonable periods of time, since we are not interested in short-term fluctuations). The information collected is all relevant and is fully used, in contrast with that furnished by the roving sample. Indeed it would scarcely be an exaggeration to say, in view of the difficulty of getting a sufficiently reliable measure of concentration, that is, of collecting sufficient information, that the only hope of establishing effective control in the dustier pits lies in the possibility of applying the fixed point method. It must be regarded as fortunate, therefore, that the worst conditions nearly always do seem to occur at the same place, namely, at the return end of the face. The harmful fraction of the dust has such a low settling velocity that the amount lost from the airstream by deposition on the walls and floor of the tunnel is small enough to be neglected; nearly all the harmful dust raised on the face eventually finds its way to the return end. The concentration of harmful dust normally increases, on the average, from the intake end to the return end, as the air in its path passes more and more dust sources. (Indeed it has been observed by the N.C.B. scientific control staff that the concentration of all airborne dust-including the innocuous heavier fractionoften shows the same tendency.) The appropriate position for the sampling instrument would therefore seem to be at the return end of the face, or perhaps (in single-unit faces) in the return airway itself. This method is of course in fairly common use nowadays, and seems to be a convenient one in practice.
The objection to return-end sampling is that the reasoning underlying it is conceived in terms of average concentrations across the cross-sections of the face, and that men who are working near a source of dust may be exposed to conditions worse than the average in the cross-section at that point, and possibly worse than those in the return end. There are, however, circumstances which tend to mitigate this objection. The collier does not normally breathe the dust which he himself raises, but that raised by his workmates further up the air stream, and the turbulence produced in the air stream by obstacles such as props and by the movements of the men themselves, tends to even out the dust concentration across the cross section. Moreover the high concentratioris of harmful dust which arise near a dust source are associated with clouds of coarse dust which are physically irritating and which are avoided if possible. And, of course, if the collier moves to and fro across the air stream at any point the average concentration to which he is exposed tends to become equal to the average concentration across the cross-section at that point.
However, the question is not disposed of and experimental investigation is indicated. If indeed it should turn out that some men are exposed to conditions worse than those obtaining at the return end of the face, a possible remedy might be to adjust the level of dustiness permitted at the return end to some value which would ensure that conditions on the rest of the face were satisfactory. Otherwise a suitable position nearer to the dust source would have to be sought.
In sampling for research purposes, no hard and fast rules can be laid down. It is certain, however, that a continuously operating automatic instrument would be of immense value, especially if -it were readily portable. The need for such an instrument for work in the field of x-ray examination has already been noted by Cochrane, Fletcher, Gilson, and Hugh-Jones (1951) .
Extensive application of the quality control scheme mentioned above would in time afford a by no means negligible increase in our knowledge of the environmental conditions associated with dust disease. But " conveyor-belt " statistics of the kind this system would produce usually give only broad indications of trends, points for further study, etc., and for detailed investigations the " random collier" method, which is based on modern principles of experimental design, has, as Oldham and Roach show, several important advantages.
